In hypertension, several factors disturb coronary administration ) . All patients in group 1 had normal left ventricular wall motion during circulation and the metabolic reserve of the heart. This study was undertaken to test whether in exercise; 13 of 14 patients in group 2 had LV wall motion abnormalities at peak exercise. Nifedipine hypertensive patients global and regional left ventricular ( LV ) function is related during did not produce any effect on LV regional wall motion in group 1, but it induced significant exercise to the presence of significant coronary stenosis and whether lowering of coronary changes in LV regional wall motion in seven patients in group 2. Changes in LV wall motion perfusion pressure through rapid normalization of the diastolic pressure may modify the dynamics of between the two test groups were related to the number of the stenotic coronary vessels: the the left ventricle.
I

PATIENTS AND METHODS
The study population was composed of 35 consecutive hospitalized patients undergoing coronary angin hypertension myocardial ischemia, although frequently dependent on coronary atherosclerosis, 1,2 may occur with angiographically normal epicardial coronary arteries. 3 -5 In fact, several ography for the evaluation of chest pain. All patients factors disturb coronary circulation and the metabolic fulfilled the following requirements: mild to moderate reserve of the heart, particularly with the develophypertension; age°65 years; no history or signs of ment of cardiac hypertrophy: increase in the vascular myocardial infarction or valvular or primary heart and myocardial components of the coronary resisdisease; absence of cerebrovascular disease, diabetes, tance, 6 impairment of the coronary reserve, 7 and enor renal function impairment; sinus rhythm; and high hancement of the myocardial oxygen demand. 8 The quality echocardiograms with no wall motion abnorlower limit of coronary flow autoregulation ( exhausmalities at rest. tion of coronary reserve ) may also shift to higher per-
The study protocol was approved by the Ethical fusion pressure.
9,10 Thus, the hypertensive ventricle is Committee of the Institute of Cardiology, University at greater risk of ischemia, being more prone to coroof Milan. All patients gave written informed consent nary stenoses and less able to tolerate acute reduction to participation in the study. of coronary perfusion pressure.
Several drugs, and in particular coronary vaso-Study Protocol During the first 2 days after admisactive drugs, may improve coronary reserve because sion no drug interfering with the cardiovascular funcof their vasodilating effect on microcirculation and tion was given and secondary forms of hypertension may disturb coronary flow at rest because pressure were excluded through appropriate screening tests. Exmay be lowered below the limit of autoregulation. ercise echocardiography was performed on the third Although electrocardiographic ( ECG ) changes sug-day after admission without therapy and was repeated gestive of myocardial ischemia have been reported 1 day later, 1 h after administration of 10 mg of sublinwith the use of diazoxide, hydralazine, 11 nitroprus-gual nifedipine. All patients underwent coronary angiside, and nifedipine, 12,13 the effect that rapid normal-ography ( the day after the second exercise echocardioization of blood pressure in hypertensive patients graphic test ) and the decision to perform the examinamay produce on left ventricular ( LV ) function at rest tion was not influenced by the results of any of the and during dynamic exercise has received little atten-stress procedures. tion despite its clinical relevance. Exercise echocardiography is one of the methods used to evaluate LV Echocardiographic Examination M-mode and twofunction during exercise and to detect wall motion dimensional echocardiograms were recorded with a abnormalities occurring with the development of Hewlett-Packard ultrasound unit ( model 21364A, myocardial ischemia 14 ; this dynamic stress offers sev-Sonos 1500, Andover, MA ) . M-mode study was oberal advantages in comparison with electrocardio-tained from the long parasternal view and the M-mode graphic, pharmacologic -echocardiographic, and scin-cursor positioned under two-dimensional control. Retigraphic tests; it represents the form of stress that cords of the LV cavity were taken at the level of the tip occurs more frequently in everyday activities, evalu-of the mitral leaflets; simultaneous ECGs were recorded ates site and extent of myocardial ischemia and LV at a paper speed of 100 mm/ sec. The following meaejection fraction, and has high specificity and sensitiv-surements were obtained: end-diastolic ( Dd ) and endity in the evaluation of patients with single vessel systolic ( Ds ) LV dimensions; thickness of the LV postedisease. 15, 16 rior wall ( PWd ) ; ventricular septum thickness ( VSd ) ; This study was undertaken to test whether in hy-relative wall thickness: 2 PWd / Dd; and LV mass: 1.04 pertensive patients during exercise: 1 ) global and re-([Dd / VSd / PWd ] 3 0 Dd 3 ) 0 13.6 g. 17 The thickness gional LV function ( exercise echocardiography ) is re-of the interventricular septum and left ventricular poslated to the presence of significant coronary artery terior wall and left ventricular dimensions were meadisease; and 2 ) lowering of coronary perfusion pres-sured at the time of peak R wave on the ECG. LV ejecsure through rapid normalization of the diastolic aor-tion fraction was calculated by biplane volume analysis tic pressure ( with nifedipine administration ) may al-obtained in the four-and two-chamber views ( areater the dynamics of the LV. length method ) .
Exercise Echocardiography Exercise testing was performed according to a maximal upright bicycle exercise.
blood pressure records were obtained at each step of pain, marked ST depression ( ú0.1 mV of horizontal or downsloping ST-depression 80 msec after the J point in the protocol.
Echocardiographic images were recorded in the base-more than two leads ) associated with LV wall abnormalities, age-related maximal target heart rate, systolic line conditions ( patient on the left lateral decubitus position ) on a videotape and on a digital quad-screen hypotension ( decrease of systolic blood pressure ú 20 mm Hg ) or severe hypertension ( systolic blood presformat ( Freeland System, Prism Imaging Inc., Louisville, CO ) using both precordial parasternal axis ( short sure ú 250 mm Hg, or diastolic blood pressure ú 130 mm Hg ) , appearance of complex ventricular arrhythand long axis of the LV ) and apical views ( four-and two-chamber views ) . Then, with the patient in the up-mias, and exercise-limiting dyspnea. right bicycle position, four-and two-chamber views Coronary Angiography Patients underwent selective were recorded on videotape and digital format. During right and left coronary angiography. Multiple views of exercise images from the four-and two-chamber views the coronary arteries were obtained in all patients by were continuously recorded on the videotape and peak using the Judkins technique. Vessels were considered exercise images were digitized on-line. Immediately to have significant obstruction if the lumen diameter after the exercise was ended the echocardiographic exwas narrowed by ¢50% with respect to the nearest amination was repeated with the patient in the left latnormal tract. eral decubitus and the parasternal short and long axis and the apical four-and two-chamber views were re-Statistical Analysis Values are expressed as means { corded on the videotape and on digital format. Finally, SD. Differences between the two groups and between the recovery phase was analyzed by means of the same baseline and peak exercise for clinical, echocardioview. This protocol allowed us to store in continuous graphic, and hemodynamic variables were compared loop quad-screen format rest and stress images and to by using Student's paired or unpaired t test. Statistical compare side by side the short and long axis of the significance was assumed if the null hypothesis could LV at baseline, immediate postexercise, and recovery be rejected at the .05 probability level. phases, and the four-and two-chamber views at base-RESULTS line, peak exercise, immediate postexercise, and recovery phases.
Clinical, Echocardiographic, and Angiographic Data Using the side-by-side imaging technique to compare At coronary angiography, 21 patients had normal cororesting and exercise images, wall motion abnormalities nary arteries ( group 1 ) and 14 had significant coronary described as hypokinetic, akinetic, or dyskinetic could artery stenoses ( group 2 ) . The two groups of patients be easily detected. The development of peak or immedi-did not differ significantly in age, gender, systolic and ate postexercise wall motion abnormalities was consid-diastolic arterial pressures ( mean values of six blood ered as an ischemic response, independently of ECG pressure readings during the first 2 days after admischanges. For the analyses, LV walls were divided into sion ) , and heart rate ( Table 1 ) . LV diastolic and systolic a 16-segment model ( at basal, mid, and apical levels in diameters, LV mass index, and LV ejection fraction at the septum, lateral, anterior, and inferior walls, and rest were similar in the two groups ( Table 2 ) . Intervenbasal and mid-ventricular levels in the anteroseptal and tricular septum, LV posterior wall thickness, and relainferolateral walls ) . Segmental wall motion was evalu-tive wall thickness were slightly, but not significantly, ated and scored, using the method recommended by greater in group 1. LV mass indices were similar in the the American Society of Echocardiography 18 as normal two groups of patients ( group 1: 136 { 41 g /m 2 ; group ( score of 1 ) , hypokinetic ( score of 2 ) , akinetic ( score 2: 137.7 { 28.8 g /m 2 ) . According to gender criteria of 3 ) , or dyskinetic ( score of 4 ) . A wall motion score of hypertrophy ( ú134 g /m 2 for men; ú110 g /m 2 for index ( LVWMSI ) was derived by summation of indi-women ) , 19 ) 11 of 21 patients in group 1 ( 52% ) and 9 vidual segment scores divided by the number of seg-of 14 patients in group 2 ( 64% ) had LV hypertrophy. ments. Echocardiographic images for regional wall motion abnormalities were interpreted by two indepen-Exercise Echocardiography Figure 1 shows the hemodynamic variables evaluated in the baseline ( immedent observers, expert in stress echocardiography, unaware of the case evaluated, of stress ECG, or angio-diately before tests ) and at peak exercise during the two tests of the protocol. In the test without therapy graphic results. Interobserver discrepancies were resolved by the consensus of two other well-trained ob-baseline systolic and diastolic pressure and heart rate were similar in the two groups. During exercise the servers not involved in the study. This consensus was requested only in one patient.
systolic and diastolic pressures and heart rate increased significantly and similarly in both groups. Nifedipine LV ejection fraction was calculated at peak exercise with the same method used for rest evaluation. Values produced a significant and similar change on blood pressure in the 1 h before the second test in both groups of LV ejection fraction at rest and at peak exercise were calculated in the upright position.
( nifedipine. In one patient LV wall motion alterations POPULATION worsened after nifedipine. In two patients the site of wall motion abnormalities changed ( from one segment
Group 1 Group 2 Normal
Coronary to another one ) after nifedipine. This study demonstrates that the dynamics of the left ventricle during exercise in hypertensives with a history of chest pain is mainly dependent on the existence of significant coronary stenosis. All patients line and peak exercise values of blood pressure were significantly lowered by nifedipine in both groups, with normal coronary arteries had normal exercise echocardiographic tests, whereas the majority of pawhereas heart rate was similar to pretreatment values. LV ejection fraction ( upright position ) was normal and tients with coronary artery stenoses showed left ventricular abnormalities at peak exercise. Rapid decrease similar in the two groups at rest ( group 1: 65 { 6%; group 2: 64 { 10% ) . At peak exercise it increased of blood pressure does not alter the segmental dynamics of the left ventricle during exercise in patients with slightly but not significantly in group 1, whereas it decreased slightly in group 2, both during the test without normal coronary arteries ( which is normal both before and after therapy ) , but it may induce changes in the therapy ( group 1: 66 { 9%; group 2: 63 { 7% ) and during the test after nifedipine ( group 1: 72 { 6%; dynamics of the left ventricle in patients with coronary artery disease. In fact, after nifedipine adminisgroup 2: 60 { 7% ) . Tables 3 ( group 1 ) and 4 ( group 2 ) report individual values of LV mass index, angio-tration, normalization, worsening of wall motion abnormalities, or changes in the site of ischemia may graphic data ( only in group 2 ) , and ECG and echocardiographic data during exercise. All patients in group occur during exercise.
Global LV systolic function has been extensively 1 had normal LV wall motion scores during exercise. ECG exercise test was positive in three patients ( all studied in hypertension. 20 -22 Although LV ejection fraction is generally normal at rest in uncomplicated three patients with LV hypertrophy ) . Nifedipine did not produce any effect on LV regional wall motion in this group; ECG exercise test normalized in two of the three patients with a positive ECG exercise recorded in 1.12 { 0.09 ) . As shown in Table 4 , the patient with hypertension, inhomogeneous responses have been disease seems to be the major determinant in causing an abnormal response of LV ejection during exercise. described during exercise. In fact, LV ejection fraction, even in patients with normal coronary arteries, may Wall motion abnormalities during exercise have been studied less extensively in hypertension. Wasserincrease as normal ( ú5% ) , may increase minimally ( õ5% ) , or may decrease. 23, 24 The cause for the de-man et al 27 observed that LV wall motion evaluated by means of radionuclide ventriculography was abcrease in LV ejection fraction during exercise in hypertension is uncertain, but it may be related to abnormal normal during exercise in 20% of hypertensive patients with chest pain and normal coronary arteries coronary flow reserve and ischemia despite normal coronary arteries, excessive increase of afterload, or and concluded that exercise scintigraphy is inadequate as a screening test for coronary atherosclerosis diastolic dysfunction. LV hypertrophy may play a significant role. Cuocolo et al 25 showed that diastolic in hypertensives with chest pain. In our series of hypertensive patients computerized stress echocardiogfunction influences exercise LV ejection fraction only in the setting of LV hypertrophy. Moreover, the type raphy allowed us to detect wall motion abnormalities only in patients with coronary atherosclerosis. Alof exercise probably explains inhomogeneous responses of the systolic function in hypertensives. though 3 of 21 ( all three patients had LV hypertrophy ) of our group without coronary artery lesions had ECG Shulman et al 26 demonstrated that LV ejection fraction increased during upright but not during supine exer-findings that were indicative of myocardial ischemia, none of these patients showed wall motion abnormalicise in hypertensives. In our study hypertensives without coronary artery disease invariably increased ties during exercise. These findings are in agreement with the observations of Lucarini et al 28 and Picano their LV ejection fraction during upright exercise, whereas in patients with hypertension and significant et al 29 who demonstrated that the wall motion evaluation is much more specific than ST-segment changes coronary lesions the systolic function worsened during exercise. Because mean values of LV mass index for detection of coronary artery disease in hypertensives. Therefore, we postulate that chest pain in our were only slightly increased and similar in the two groups of patients, the presence of coronary artery group of hypertensive patients with normal coronary / 2e13$$2172 01-28-97 21:41:48 eajhal EL: AJH arteries, the entity of ischemia attributable to a microConcern has been expressed regarding the possibility that coronary reserve becomes altered if treatment vascular disorder, is minimal and does not cause exercise-induced wall motion abnormalities. In this regard normalized blood pressure rapidly, particularly in the presence of LV hypertrophy. 9 -13 Moreover, there is it is interesting that in the syndrome X, which shares a common microvascular disorder with LV hypertro-some controversy over the optimal perfusion pressure for the hypertensive heart. Our data document that phy and hypertension, ST depression occurs during stresses in the absence of any regional or global LV rapid reduction of the systolic and diastolic pressure to normal values through nifedipine administration dysfunction. 30 On the other hand, the coexistence of significant coronary stenoses was associated in the may influence the behavior of the dynamics of the left ventricle during exercise, particularly when multiple majority of our hypertensive patients ( 13 of 14 ) with wall motion abnormalities. This high percentage of coronary lesions are present. In fact, nifedipine is a potent vasodilator that may produce myocardial ischpositive exercise stresses may be related to mechanisms that facilitate myocardial ischemia in the hyper-emia by dilating vessels of nonischemic myocardium to a greater degree than those of ischemic myocartensive heart ( 9 of 14 patients in this group had LV hypertrophy ) in the presence of coronary atheroscle-dium or by diverting perfusion from an ischemic coronary vascular bed to a nonvasodilated peripheral cirrosis, such as abnormalities of coronary vasodilator reserve, altered coronary microvascular resistance, culation. Alternatively, passive collapse in compliant lesions attributable to the pressure decrease through and abnormal increase of afterload during exercise. However, the potential independent role of LV hyper-the stenoses consequent to drug-induced coronary hyperemia might be a negative effect of vasodilation. trophy in facilitating myocardial ischemia during exercise in the presence of coronary stenoses has not These negative effects have been postulated at rest but might also be present during exercise. The balance been elucidated completely in this study, as in our 14 patients the behavior of LV wall motion was not between these adverse effects and the beneficial effects of reduction of afterload ( the principal determiapparently influenced by the individual level of LV mass index. Additional studies are needed to assess nant of oxygen consumption ) and of vasodilation of the coronary arteries might explain why, after nifedithe precise independent role of coronary artery stenoses and LV hypertrophy on LV function during exer-pine administration, we observed improvement or worsening of wall motion abnormalities or changes cise. in the site of ischemia. These observations fit well the The evaluation of LV wall motion has been performed through digital exercise echocardiography. concept that rapid-acting drugs should be used cautiously, particularly in patients with LV hypertrophy This method allowed us to record four views of the left ventricle and to compare images side by side. Rest and underlying coronary insufficiency. Because severe hypertension contraindicates exercise testing we and stress recordings displayed simultaneously in multiple views aid in detecting wall motion abnorselected patients with mild to moderate hypertension. If we extrapolate our results to patients with more malities 14, 15 ; only one view can be evaluated through other noninvasive technique such as exercise radionusevere hypertension and coexistence of marked hypertrophy we may theorize that rapid lowering of cor-clide ventriculography. 27 These methodologic differences may account for the discordant results obtained onary pressure might produce more marked effects on the coronary circulation and indirectly on the dy-by other investigators in hypertensive patients showing inadequacy of radionuclide technique for the evalnamics of the left ventricle during exercise. 
